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Neural crest cells, a defining feature of vertebrate
embryos, form at the neural plate border in response
to inductive signals from the ectoderm. Recent
studies have shown that Wnt signals are essential
mediators of this induction.
Neural crest cells are a population of multi-potent prog-
enitor cells named for their site of embryonic origin at
the crest of the closing neural folds. After neural tube
closure, these cells undergo an epithelial-to-mes-
enchymal transition and disperse throughout the
embryo, where they give rise to much of the peripheral
nervous system, melanocytes and most of the cranio-
facial skeleton (Figure 1). While it has been known for
some time that inductive interactions between the
neural plate and the non-neural ectoderm underlie the
initial specification of neural crest cells at the neural
plate border (reviewed in [1,2]), the molecular nature of
these signals has been less clear. Recent studies [3,4]
in both the frog and chick have provided strong evi-
dence that these signals are mediated by Wnts.
Earlier work in the chick had suggested that bone
morphogenic proteins (BMPs), signaling molecules of
the transforming growth factor-β (TGF-β) super-family,
might function endogenously as neural crest inducers.
A number of BMPs, as well as the related factor Dsl-1,
can mimic the ability of epidermis to induce the
formation of neural crest cells from neural plate
explants in vitro [5,6]. Moreover, treatment with the
BMP antagonists Follistatin and Noggin has been
found to significantly inhibit the ability of epidermal
ectoderm to induce neural crest and roof plate cells in
these explants [7]. Together, these findings appeared
to support a model in which the ability of epidermal
ectoderm to promote the generation of these dorsal
neural cell types is mediated by BMPs.
Complicating this interpretation, however, has been
the observation that, although BMPs are strongly
expressed in the neural folds and dorsal neural tube,
they are only weakly expressed in the ectoderm
during stages when neural crest induction is ongoing.
BMP signaling within the dorsal neural tube plays an
important role in the dorsoventral patterning of spinal
cord-derived neurons [7,8] and is also thought to
trigger the delamination of neural crest progenitors
from the neural epithelium [9].
More recent work in Xenopus has implicated Wnts
as endogenous neural crest inducers. Wnts are
secreted glycoproteins which interact with transmem-
brane receptors called frizzleds. Activation of the
canonical Wnt signaling pathway results in stabilization
and nuclear translocation of β-catenin, which activates
transcription of Wnt target genes in cooperation with
DNA binding proteins of the LEF/TCF family [10]. Over-
expression of a dominant-negative Wnt ligand has
been shown to block neural crest induction in Xenopus
embryos [11], as has overexpression of a dominant-
negative frizzled [12] or GSK3β [13], which can function
as a negative regulator of Wnt signals. Moreover, a
number of Wnt ligands have been shown to mediate
ectopic neural crest formation in Xenopus embryos
and/or in neuralized ectodermal explants [11,13,14]. 
The interpretation of these results has been com-
plicated, however, by the coincidence in timing between
a known role for Wnts in posteriorizing the neural axis
[15] and the proposed role in neural crest induction. The
recent cloning [3] of the promoter for Xenopus Slug,
one of the first genes expressed in response to neural
crest inducing signals, has confirmed that the role of
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Figure 1. Proposed model for neural crest formation.
(A) At the open neural plate stage, cells that will form epidermis
secrete Wnt6, which acts on the neural folds (neural plate
border) to induce the expression of early neural crest markers
such as Slug. BMPs are also expressed in this region. (B) BMP
signaling within the neural folds is an essential downstream
response to this induction, and helps mediate the emigration of
migratory neural crest cells following neural tube closure (C).
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Wnts in inducing the neural crest is not secondary to
perturbations in anterio-posterior patterning. A func-
tional LEF/TCF binding site in the promoter was found
to be required to drive expression of a green fluores-
cent protein (GFP) reporter in neural crest precursor
cells, demonstrating that the requirement for Wnt sig-
naling during neural crest induction in Xenopus is
direct. However, taken together with a presumed role
for BMPs in mediating this process in avian embryos,
this result raised the possibility that distinct develop-
mental mechanisms underlie neural crest induction in
amniote and anamniote embryos.
García-Castro et al. [4] have now elegantly resolved
this issue. They used both gain- and loss-of-function
experiments to show that in chick embryos, as in
Xenopus, Wnts function as neural crest inducers.
First, they showed that at least one Wnt family
member, Wnt6, is produced in the epidermis at a time
and place consistent with a role as the endogenous
neural crest inducer. They then demonstrated that,
during open neural plate stages, β-catenin is localized
to the nucleus of presumptive neural crest precursor
cells, indicating that these cells have received and
responded to a Wnt signal. Finally, they showed that
cells secreting a dominant-negative Wnt ligand, a
broad-spectrum Wnt inhibitor, prevent neural crest
formation in vivo when injected adjacent to the open
neural plate. It should be noted that one critical test of
the authors’ model was missing from this study: they
did not demonstrate that neural crest induction in
epidermis/neural plate conjugates was also Wnt-
dependent. Nevertheless, these experiments provide
the best evidence to date that Wnt signals are key
endogenous regulators of neural crest induction.
What, then, of the ability of BMPs to induce neural
crest formation in explanted neural plates? This
activity appears to be dependent on the media used
to culture the explants. In previous studies, BMP treat-
ment of neural explants was carried out in media con-
taining the complex additive N2, a cocktail of factors
that is commonly added to neural cultures [6,7,16].
García-Castro et al. [4] revisited these experiments
and found that BMPs are unable to induce neural
crest formation in media lacking N2. In contrast, they
showed that conditioned media from Drosophila S2
cells transfected with wingless (wg), the fly Wnt
homolog, can induce neural crest formation in the
absence of such additives, and this ability is inhibited
in the presence of function-blocking Wg antibodies. It
remains unclear what factors in the N2 additive can
cooperate with BMPs to elicit neural crest formation,
but a possible target could be GSK3β, which can be
regulated by signaling pathways other than Wnts [17].
Indeed, one component of N2, insulin, is a known
inhibitor of GSK-3β activity [18]. It will therefore be
important to directly test the ability of insulin to sub-
stitute for N2 in this assay.
Do these new findings mean that BMPs are not
involved in neural crest formation endogenously?
Although it now seems that they must yield the title of
‘epidermal inducer’ to members of the Wnt family,
BMPs clearly do play a critical role in downstream
aspects of this multi-step process, including the onset
of neural crest migration [9]. It also seems likely that
BMP signaling within the neural folds is an essential
component of the response to inductive signals from
the epidermis [7]. It will be of interest to test whether
treatment with BMP antagonists such as Follistatin
and Noggin can inhibit the ability of Wnts to induce
neural crest formation in neural plate explants.
Beyond this, however, a more general conclusion
that can be drawn from this work concerns the basic
conservation of developmental mechanisms. In recent
years researchers have been too quick to interpret
initial, seemingly conflicting, results obtained in differ-
ent model organisms to mean that fundamental
aspects of early development have not been evolu-
tionarily conserved. Because there are basic morpho-
genetic differences in how these embryos develop,
some degree of mechanistic variation is to be
expected. The view from the crest suggests, however,
that at the molecular level, the development of anam-
niotes and amniotes is likely to prove more similar
than different.
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